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INTRODUCTION

Our laboratory was the first to isolate and extensively purify an intact, stable and
fully functional mammalian cell multi-protein DNA replication complex, termed the
DNA synthesome (Malkas et al., 1990; Wu et al., 1994; Applegren et al., 1995; Coll et
al., 1996b; Lin et al., 1997; Jiang et al., 2000). The DNA synthesome has been isolated
from a variety of mammalian cells and tissues, including nonmalignant and malignant
human breast cells as well as tissues. It has been shown that the DNA synthesome is
fully competent to support SV-40 origin-specific and large T-antigen dependent DNA
replication in vitro. All of the components necessary for DNA replication, including
Poly (ADP-ribose) polymerase (PARP), have been detected in the synthesome. The
malignant breast cell DNA synthesome exhibits a 6-8 fold decrease in the replication
fidelity relative to the non-malignant breast cell DNA synthesome( Sekowski et al.,
1998). In addition, the transformation of a non-malignant human breast epithelial cell to
a malignant state is accompanied by a significant alteration in the mobility of specific
protein components of the DNA synthesome following two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE) of the DNA synthesome (Bechtel et al., 1998). These
differences in replication fidelity and 2D-PAGE gel protein profiles between the non-
malignant and cancer cell derived DNA synthesome clearly suggest critical differences in
the make-up of the replication machinery of these cells. PARP has long been implicated
in the process of DNA replication, DNA repair, and cellular transformation. The
regulatory role of PARP in these processes is through the addition of poly (ADP-ribose)
polymers to a number of nuclear proteins. PARP activity is also mediated by auto poly
(ADP-ribosylation). At least fifteen components of the DNA synthesome are poly (ADP-
ribosylated) (Simbulan et al., 1996), suggesting that PARP may play a regulatory role in
controlling the activity (and potentially the fidelity) of the DNA synthesome of breast
cells. Consistent with this suggestion is the observation that breast cancer cells exhibit
decreased levels of PARP activity (Hu et al., 1997) for as yet undefined reasons. It is our
goal to establish a clear link between the differences in the activity of PARP and the
alteration(s) in structure exhibited by this protein in both nonmalignant and breast cancer
cells. In this proposal, we will focus on defining the kinetic, biophysical and detailed
structural properties of PARP in both breast cell types.




PROGRESS REPORT

Mass Spectrometry analysis of a DNA synthesome enriched protein
fraction validates that PARP is part of the replication complex core

Mass spectrometry has been used as a “mining tool” for providing protein
sequence information (Yates, et al. 1995; Patterson et al. 1995; Yates et al. 1998). This
technique has rapidly become integrated into the filed of functional genomics, and has
proven to be useful for identifying the components of multiprotein structures (Neubauer
et al., 1998; Zachariae et al., 1998; Link et al., 1999), and analyzing protein-protein
interactions (Shevchenko, et al. 1999). MALDI, (Matrix Assisted Laser Desorption and
Ionization), peptide mapping is a recognized high-throughput and exquisitely sensitive
technique that is capable of providing the identification of dozens of gel-separated
proteins each day (even when these proteins are present at the low femtomole level).
MALDI has nearly always been applied in time-of-flight (TOF) mass spectrometers,
where the introduction of a technique known as delayed extraction (time-lag focusing)
has increased the accuracy of mass measurements to the tens of parts per million (ppm)
level. A hybrid MALDI/Q-TOF instrument is formed when a MALDI ion source is
interfaced to an orthogonal injection time-of-flight mass spectrometer and then to a
hybrid quadrupole time-of-flight mass spectrometer (Q-TOF) (Krtutchinsky, et al., 1998;
Loboda et al., 1999). Use of MALDI/Q-TOF mass spectrometry allows facile
identification of proteins at the femtomole level in complex mixtures by searching against
comprehensive protein and expressed sequence tag databases (Shevchenko et al, 2000).
It has been used to identify proteins separated by one-dimensional or two-dimensional gel
electrophoreses.

MCEF-7 cells were harvested and fractionated to a clarified nuclear extract and
post-microsomal (NE/S3) fraction. NE/S3 was then layered onto a 2M-sucrose cushion
and centrifuged. Following centrifugation, the 2M-sucrose interface (P4 fraction) was
successfully removed by aspiration. The complex of enzymes is further purified by the
Q-Sepharose chromatography (Fig. 1). The Q-sepharose fraction is then resolved onto a
1-D SDS PAGE gel. Each of the protein bands on the gel was cut and analyzed by
MALDI and Q-TOF mass spectrometry. Data from these analysis has shown that PARP,
proliferation cell nuclear antigen (PCNA), replication protein A (RP-A), replication
factor C (RF-C), DNA polymerase, DNA methyl transferase and flap endonuclease-1
(Fenl) are components of the replication complex core.

PARP is enriched during its purification from breast cancer cells

We attempted to purify PARP from MCF-7 cells according to a published
procedure (Brutcher et al.). Five grams of MCF-7 cells were fractionated to a clarified
nuclear extract and post-microsomal (NE/S3) fraction and shaken with 1g of solid
hydroxyapatite equilibrated with ADPRT buffer [Tris-HCL (100mM), K,S,05 (25mM),
B-mercaptoethanol (12mM), EDTA (0.5mM), and 17% glycerol at pH 7.2] containing




50mM KH,PO4. Subsequently, the suspension was centrifuged, the supernatant was
discarded and hydroxyapatite was eluted with ADPRT buffer containing 0.5M KH,POs,.
The presence of PARP in the eluted fractions was checked by slot blotting (Life
Technologies Inc.). Data has shown most of the PARP present in the NE/S3 remains in
the supernatant. Since the NE/S3 fraction is much cleaner than the crude extract from
placenta used by Brutcher et al., this hydroxyapatite chromatography step was skipped.

The NE/S3 fraction was directly placed onto a phosphocellulose (P-cel) column
because phosphocellulose dissociated the synthesome multiprotein complex and resolved
PARP from many of the other proteins in this fraction. Then a gradient of KCl (0-2.0M)
in ADPRT buffer was applied to the column. The presence of PARP in the eluted
fractions was determined using a slot blotting technique. At first, PARP was not
significantly enriched, and was presented in every fractions eluting from the column,
(Figure 2 A). We improved the separation of PARP by altering our original activation
procedure for the phosphocellulose. We stir 2g of P-cel into 50ml of 0.5N NaOH for
5minutes, wash with water until the pH was less than 11, and then we incubate the beads
with 0.5N HCL for 5 minutes. Again we washed the P-cel with water until the pH was
greater than 3. The key point is that the equilibration time in either acid or base should
not be over 5 minutes. Then we loaded the NE/S3 onto the phosphocellulose column,
and eluted the column as previously described. PARP was clearly enriched using this
procedure, (Figure 2, B).

To further purify PARP, we prepared an affinity column that specifically
recognizes PARP. In order to prepare the affinity column, First, a weak PARP inhibitor
4-{[3-(amino carbonyl)phenyl]amino }-4-oxybutanoic acid (California Peptide Research,
Inc.) was coupled to amino-propyl-Sepharose (AP-Sepharose) according to the procedure
described by (Brutcher et al). The fractions enriched with PARP from the
phosphocellulose column were collected and applied to the affinity column. PARP was
later eluted from the affinity column by ADPRT buffer containing ImM 3-methoxy
benzamide. The fractions containing PARP were identified again by slot blotting (Figure
3). These fractions were then collected and dialyzed into buffer A (20mM Hepes, PH
7.5, 5SmM KCL, 1.5mM MgCI2, 1mM DTT) and concentrated by speed vacuum. The
degree of purification was determined by western blotting (Figure 4). Equal amounts
(20ug) of NE/S3, individual fractions of the phosphocellulose eluate and the eluate from
the affinity column were then subjected to a 1D-Polyacrylamide gel electrophoresis (1D-
PAGE), and the resolved proteins were transferred to a nitrocellulose membrane. Western
blotting analyses with an antibody specifically recognizing PARP (anti-human PARP
antibody, BD PharMingen) confirmed that the phosphocellulose column greatly enriched
PARP.

While the slot blot analysis demonstrated that PARP was enriched by the affinity
chromatography step, (figure 3), we were unable to detect PARP following standard
Western blotting of the concentrated column eluate. This result may be due to the
concentrating procedure. One possibility is that PARP is lost during the concentration
step which is performed in a speed vac. In order to overcome this potential problem we
plan to use a High-Performance Centrifugal Concentrator (Orbital Biosciences). This




concentrator is equipped to remove glycerol and concentrate protein without lyophilizing
it. A user’s guide is attached to extensively explain the procedure.

Characterization of PARP in non-malignant and malignant breast cells

In order to analysis the isoelectric point and 2-D PAGE mobility of PARP
expressed by the non-malignant (MCF-10A) and malignant (MCF7) breast cells, (we
found that it was necessary to obtain the MCF-10A cells from the Barbara Ann Karmanos
Cancer Institute, Cell Lines Resources, Detroit, MI), we fractionated pellets of each of
the two cell types to the level of a clarified nuclear extract and a post-microsomal
(NE/S3) supernatant. The resulting NE/S3 was then layered onto a 2M sucrose cushion
and centrifuged at 100,000 xg for 18 hours. Following centrifugation, the 2M sucrose
interface (P4 fraction) was collected by aspiration. P4 fractions were dialyzed into buffer
A, and applied to a CHROMA SPIN+STE-10 Column (CLONTECH INC.), which had
been washed three times with de-ionized water in order to desalt the P4 fractions. Equal
amounts of MCF-7 and MCF-10A P4 fraction (30ug) were then analyzed by 2-D PAGE
and the proteins in the P4 were resolved from one another. Two gels were run for each
cell line, one of the gels was silver stained, while the other gel was transferred to a
nitrocellulose membrane and western blotting was done using anti-human PARP
antibody (BD PharMingen). Since the theoretical PI of PARP is 8.99 (Swiss Institute of
Bioinformatics), it was difficult to resolve PARP in our regular tube gel preparations
(5.5g urea, 1.33ml polyacrylamide, 2.00ml 10 Triton-100, 0.4ml 5/7 ampholyte, 0.1ml
3/10 ampholyte, 1.97ml H,O). Our initial 2D gel analyses have been difficult. Different
conditions have been tried to improve resolution of the protein. As an example, I
substituted 0.4ml of pH 8/10 ampholyte for the pH 5/7 ampholyte used to prepare the first
dimension isoelectric focusing gel. This alteration in the protocol resulted in the protein
resolution becoming better, but the focusing of the 2D PAGE was still not ideal. The true
isoelectric point of PARP was found to be difficult to calculate or determine presumably
because of post-translational modifications that altered the pI from its theoretical value.

To improve the resolution of PARP we have decided to explore a new method. A
ReadyPrep 2-D gel Starter Kit (BioRad Laboratories, Inc.) which substitues a linear pH
test strip for the first dimension tube gel. These strips produce a true linear gradient of
pH whereas the gradient formed in the tube gels is somewhat variable and difficult to
repeat. I will use the ReadyStrip IPG strips, 11cm, pH 7-10 in place of the first
dimension gel, and run them with PROTEAN IEF cell (BioRad Laboratories, Inc.). The
focusing electrical voltage is 8000 volts. We expect, the resolution to be better than that
obtained with the non-linear first dimension tube gels. The P4 fractions from each cell
line will be resolved into two gels each time. One of the gels will be silver stained, the
other will be transferred to a nitrocellulose membrane and western blotting will be done.
The gel that was silver stained will be analyzed using the Melanie II software (Bio-Rad).
The analysis will identify the location of the PARP in the gel, and empirically predict the
isoelectric point(s) (pIs) of PARP expressed by malignant and the non-malignant breast
cells.




During the first phase of the investigation, we observed that PARP is more highly
expressed in breast cancer cells than in non-malignant breast cells. In order to understand
why despite a higher level of protein expression, there is a lower activity of PARP in
malignant breast cells we have designed an experiment to measure PARP mRNA levels
in both MCF-7 and MCF-10A cells. Exponentially growing MCF-7 and MCF-10A cells
will be harvested and quantified using a dye exclusion assay. RNA will be isolated from
equal numbers of cells using Trizol reaggent. The same amount of RNA will be loaded
onto a nitrocellulose membrane and a [ 2 P] labeled PARP cDNA will be hybridized to
the slot blot. The blot will be used to charge a Phospholmager screen, and the amount of
mRNA expressed in both cell types will be quantified. This experiment should be able to
reveal whether the level of PARP mRNA is greater in the MCF-7 than the MCF-10A
cells, and if not will point toward the PARP protein being more highly expressed because
of either increases in its level of synthesis or a decrease in its rate of degradation in the
MCEF-7 cells.




Key Research Accomplishments

e Analyzed DNA synthesome by MALDI and Q-TOF mass spectrometry
Purified PARP from breast cancer cells

e Performed 2D PAGE and analyzed PARP in malignant and non-malignant breast
cancer cells
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Han, S.H., Malkas, L.H., Hoelz, D.J., Hickey, R.J. (2001): Purification of Poly (ADP-
ribose) Polymerase from Breast Cancer Cells by Chromatography. Manuscript in
preparation.
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Conclusions:

PARP is confirmed to be one of the components of the DNA synthesome
PARP is enriched by phosphocellulose chromatography.

PARP is more highly expressed in breast cancer cells

Purified PARP protein is lost during the concentrating process
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Figure 1. The purification of DNA synthesome from human cells.
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Figure 2. The Presence of PARP in the Eluted Fractions of a Phosphocellulose

Column. MCF-7 cells were fractionated to NE/S3. NE/S3 was loaded onto a phosphocellulose
column, washed with ADPRT buffer, and eluted with ADPRT buffer containing KCL (0.01M-2M).
The presence of PARP in the eluted fractions was determined by slot blotting (Life Technologies, Inc.).
Slot #1.) 0.01M KCL; 2.) 0.025M; 3.) 0.05M; 4.) 0.075M; 5.) 0.1M; 6.) 0.2M; 7.)0.3M; 8.) 0.4M;

9.) 0.5M; 10.) 0.75M; 11.) 1.0M; 12.) 1.2M; 13.) 1.4AM: 14.) 1.6M; 15.) 1.8M; 16.) 2.0M;

1) Flow through; IT) First wash; III) Second wash.

A. PARP distribution in the initial purification
B. PARP distribution after changing the phosphocellulose activation conditions
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Figure 3. The Presence of PARP in the Eluted Fractions from the Affinity Column. The
Eluted fractions from the phosphocellulose column that was enriched with PARP were collected,
loaded onto affinity column and eluted with ADPRT buffer containing 1mM

3-methoxy benzamide (Step 1-14). The presence of PARP in the eluted fractions was determined
by slot blotting.
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Figure 4. PARP was Enriched by the Phosphocellolose Column. Equal amounts of protein from
NE/S3, and the eluted fractions of the phosphocellulose and the affinity columns (enriched with PARP),
were resolved by 1D PAGE and transferred to a nitrocellulose membrane. The presence of PARP was

determined by Western blotting.
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Abstract

Despite extensive research efforts to identify unique molecular alter-
ations in breast cancer, to date, no characteristic has emerged that cor-
relates exclusively with malignancy. Recently, it has been shown that the
multiprotein DNA replication complex (synthesome) from breast cancer
cells has a significantly decreased replication fidelity compared to that of
nonmalignant breast cells. Proliferating cell nuclear antigen (PCNA) func-
tions in DNA replication and DNA repair and is a component of the
synthesome. Using two-dimensional PAGE analysis, we have identified a
novel form of PCNA in malignant breast cells. This unique form is not the
result of a genetic alteration, as demonstrated by DNA sequence analysis
of the PCNA gene from malignant and nonmalignant breast cells. This
novel form is most likely the result of an alteration in the post-transla-
tional modification of PCNA in malignant breast cells. These findings are
significant in that it is now possible to link changes in the fidelity of DNA
replication with a specific alteration of a component of the DNA synthetic
apparatus of breast cancer cells. The novel form of PCNA may prove to
be a new signature for malignant breast cells.

Introduction

Breast cancer is a leading cause of death among women. In 1996,
there were ~44,000 deaths attributed to breast cancer (1). Breast
tumors show a strong correlation between high rates of DNA synthe-
sis and poor overall patient prognosis. Data suggest that high levels of
breast cancer cell DNA synthesis are associated with an increased
probability of lymph node metastases (2-7). Extensive genetic dam-
age in mammary cancer cells is also associated with increased leveis
of DNA synthesis. An evaluation of thousands of clinical cases
indicated that ~65% of mammary cancer cells are aneuploid (8).
Therefore, the observed high levels of DNA synthesis and extensive
genetic damage in breast tumors strongly suggest that an alteration in
the DNA replication machinery of these cells may contribute to
uncontrolled and error-prone DNA synthesis.

We have recently found that human breast cells mediate DNA
synthesis using a multiprotein replication complex, designated the
DNA synthesome (9). The human breast cell DNA synthesome is
fully competent to support SV40 in vitro DNA replication. Recently,
it was found that the fidelity of DNA synthesis mediated by the
synthesome isolated from the malignant breast cells is several-fold
lower than the synthesome isolated from the nonmalignant breast cells

Received 4/14/98; accepted 6/24/98.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

! This work was supported by Department of Defense Breast Cancer Fellowships (to
P.E.B.and J. W. S.) and NIH Grants CA #57350 and CA #73060 (to L. H. M.) and CA
#74904 (1o R.J. H).

2To whom requests for reprints should be addressed, at The Department of Pharma-
cology and Experimental Therapeutics, University of Maryland, 655 West Baltimore
Street, BRB Room 4-002, Baltimore, MD 21201. Phone: (410) 706-2313; Fax: (410)
706-0032; E-mail: Imalkas@umaryland.edu.

(9, 10). The decreased replication fidelity of the malignant breast cell
DNA synthesome clearly suggests a critical alteration(s) in the com-
position of the replication machinery of these cells.

PCNA? is associated with the human cell DNA synthesome (11)
and is required for synthesome-mediated in vitro DNA replication
(12). PCNA has been demonstrated to function in mammalian cell
DNA replication (reviewed in Ref. 13) and DNA repair (14, 15). In
DNA replication, PCNA serves as an accessory factor to polymerase
8. PCNA is also commonly used as a proliferation marker in breast
cancers. Unfortunately, there has been no conclusive evidence that
increased levels of PCNA correlate with tumor progression or patient
prognosis (16-18). Here, the DNA synthesome-associated PCNA
isolated from nonmalignant and malignant breast epithelial cells was
analyzed by 2D PAGE. Here, we describe, for the first time, a unique
form of PCNA that is found in all malignant breast cells. This is an
exciting finding that may prove to be a new signature for malignant
breast cells.

Materials and Methods

Cell Culture. MCF7, early-passage MCF10A, MBA-MD468, and Hs578T
cells were cultured according to protocols provided by American Type Culture
Collection. Primary cells were cultured in Mammary Epithelial Growth Me-
dium (Clonetics, San Diego, CA) supplemented with 2X penicillin/streptomy-
cin, 2.5 mg/ml amphotericin B, 50 units/m! polymixin B sulfate, 50 mg/ml
gentamicin sulfate, 10 ng/ml epidermal growth factor, 5 mg/ml insulin, 0.5
mg/ml hydrocortisone, and 52 mg/ml bovine pituitary extract and grown as
described previously (19). To stimulate MCF7 cells with estrogen, we grew
cells in medium containing charcoal-treated serum. Cells were treated for 48 h
with 1 nm 17-B-estradiol or an equivalent volume of vehicle. Cells were
harvested, and the DNA synthesome isolated as described previously (9).

Isolation and Purification of the DNA Synthesome from Breast Tumor
Tissue and Breast Cell Lines. The mammary mouse tumor was induced
using polyoma virus as described previously (20). The isolation and purifica-
tion of the DNA synthesome were performed as described previously (9).

2D PAGE. DNA synthesome protein (20-40 pg) was loaded onto the
first-dimension tube gel [9.2 M urea, 4% acrylamide, 2% ampholytes (pH
3-10), and 20% Triton X-100]. The polypeptides were separated along a pH
gradient created using 100 mm NaOH and 10 mm H,PO,. The tube gels were
placed onto an 8% acrylamide-SDS gel, and the polypeptides were resolved by
molecular weight. The proteins were then transferred electrophoretically to
nitrocellulose membranes.

Western Blot Analysis. The antibody directed against PCNA (PC 10;
Oncogene Science) was used at a dilution of 1:1000. Immunodetection of
PCNA was performed using a light-enhanced chemiluminescence system
(Amersham).

Immunoprecipitation of PCNA. One hundred pg of isolated DNA syn-
thesome were incubated overnight with a PC10 antibody directed against
PCNA. Thirty ul of protein A-conjugated agarose beads were added to the

3’Ijhe abbreviations used are: PCNA, proliferating cell nuclear antigen; 2D PAGE,
two-dimensional PAGE.
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reactions for 1 h. The reaction mixtures were washed twice with buffer A
(0.154 M NaCl, 10 mm Tris-HC! (pH 7.4), 0.05% Triton X-100, and 0.05%
SDS] and three times with buffer B [0.154 M NaCl, 50 mM Tris-HCI (pH 7.4),
2.5 M KCl, and 0.5% Triton X-100]. The protein was removed from the beads
by incubation at 100°C for 30 s and analyzed by 2D PAGE.

Mutational Analysis of the PCNA Gene. The cDNA sequence encoding
the entire PCNA translation unit was prepared using Superscript Preamplifi-
cation System First Strand cDNA Synthesis (Life Technologies, Inc.) followed
by cloning of the amplified ¢cDNA into the vector pCR2.]1 (InVitrogen)
according to the manufacturer’s instructions. Total RNA was isolated using
Trizol reagent (Life Technologies, Inc.). Second-strand ¢cDNA synthesis was
carried out by priming the first-strand cDNA with oligonucleotide 5'-GCGT-
TGTTGCCACTCCGC-3' on the 5’ end of the cDNA and 5'-GCAGTTCT-
CAAAGAGCTTAG-3' on the 3’ end of the cDNA and amplifying the primed
first strand using reverse transcriptase PCR.

Results

Unique Form of PCNA Identified in Malignant Breast Cell
Cultures. Studies were performed to determine whether DNA syn-
thesome components are structurally altered in malignant breast cells
compared to nonmalignant cells. The DNA synthesome was isolated
from four established breast cells lines (MCF7, MDA-MB468,
Hs578T, and early passage MCF10A), as well as from nonmalignant

primary breast epithelial cells using our published procedures (9). The
malignant breast cells lines (MCF7, MDA-MB468, and Hs578T)
produce tumors in animal breast cancer models (21), whereas the
nonmalignant breast cell line (MCF10A) does not (22). The non-
malignant primary breast cells were prepared from a human breast
reduction sample as described by Stampfer (19). Thirty ug of DNA
synthesome isolated from MCF10A, MCF7, MDA-MB468, Hs578T
and nonmalignant primary breast cells were each subjected to indi-
vidual 2D PAGEs (23, 24). These gels, containing the resolved
synthesome polypeptides, were transferred to nitrocellulose mem-
branes. Western blot analyses of the membranes were performed
using an antibody directed against the 36 kDa PCNA polypeptide. A
comparison of the mobility of the PCNA component of the MCF10A,
MCF7, MDA-MB468, Hs578T, and primary cell-derived DNA syn-
thesome (Fig. 1) indicated a clear and significant difference in this
protein’s 2D PAGE profile for the nonmalignant and malignant cells.
The PCNA associated with the synthesome isolated from malignant
MCF7 and MDA-MB468 cells was present in two forms, a basic form
and an acidic form (Fig. 1, A and E,, respectively). The PCNA isolated
from the malignant Hs578T cells exhibited PCNA with an acidic pl
(Fig. 1C) and barely detectable levels of PCNA with a basic pI. PCNA
in nonmalignant MCF10A and primary breast cells was present in a

A B
200 200
3 2
= =
‘| 36
3 f pl 10 3 pl 10
D
Cc
Fig. 1. Protein migration of PCNA from human 200 200
breast cell lines. Thirty ug of DNA synthesome
protein isolated from four human breast cell lines
(MCF7, MDA-MB468, Hs578T, and MCF10A)
and nonmalignant primary breast ceils were sub- ; ;
jected to 2D PAGE. The resolved polypeptides s =
were transferred to nitrocellulose membranes and
analyzed by Western analysis with an antibody
directed against PCNA. The protein migration pat- 16
terns shown are: A, MCF7, B, MCFI0A; C, 36 o .
Hs578T; D, nonmalignant primary breast cells; and
E, MDA-MB468. Arrow, form of PCNA that is
unique to malignant breast cells. ] 10
3 pl 10 3 p
E
200
36| o b
3 pl ' 10
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Fig. 2. Protein migration of PCNA from malig- C
nant human and mouse breast tissue and nonmalig- 200
nant human breast tissue. Thirty upg of isolated 200
DNA synthesome from malignant human and
mouse breast tumors and nonmalignant human
breast tissue were subjected to 2D PAGE. The =
resolved polypeptides were transferred to nitrocel- 4 s
lulose membranes and analyzed by Western analy- =
sis using an antibody directed against PCNA. The
resulting protein migration patterns are shown: A
and B, human ductal wmor; C and D, human lob- 36 -
ular tumor; £, nonmalignant human breast tissue; 36 -
and F, mouse tumor. The nonmalignant breast tis-
sue (E) is derived from the same source as the 10
human lobular tumor in D. Arrow, form of PCNA 3 10 3 pl
that is unique to malignant breast cells.
E F
200 200
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single form that exhibited a basic pI (Fig. 1, B and D, respectively).
The PCNA form with the acidic pI was not detectable in the nonma-
lignant cells.

In a separate experiment, 2D PAGE analysis was performed using
a sample containing isolated DNA synthesome from both MCF7 and
MCF10A cells. The resulting protein migration pattern showed only
one basic form and one acidic form of PCNA (data not shown). This
result indicated that the basic form of PCNA was identical in both the
malignant and nonmalignant cells, whereas the acidic form of PCNA
was unique to the malignant cells.

Breast Tumors Contain the Unique Form of PCNA. Studies
were initiated to determine whether the DNA synthesome derived
from nonmalignant and malignant breast tissue exhibited the same 2D
PAGE profile for PCNA as that observed in the non-malignant and
malignant breast cell cultures. The DNA synthesome was isolated
from a virally induced mouse breast tumor (20). The DNA synthe-
some isolated from six human lobular breast cancer tissues and from
four ductal breast cancer tissues was also analyzed. For comparison,
the DNA synthesome-associated PCNA isolated from nonmalignant
breast tissue from two sources (breast reduction tissue and genetically
matched nonmalignant tissue taken from the patients with malignant
breast tumors) was examined. The purified DNA synthesome derived
from these tissues was resolved by 2D PAGE. The resolved polypep-

tides were transferred to nitrocellulose membranes and probed with an
antibody directed against PCNA. PCNA derived from malignant
mouse and human tumor tissue had a 2D PAGE profile consistent
with that of the malignant breast cell lines (Fig. 2, A-D and F). There
were two forms of PCNA present, an acidic form and a basic form.
The PCNA from the nonmalignant breast tissue was in the basic form
(Fig. 2E). These findings were consistent with the 2D PAGE profile
of PCNA from the MCF10A cells.

The Unique Form of PCNA Is Not Proliferation Dependent. To
demonstrate that the abundant levels of the form of PCNA with a
acidic pl was a property unique to malignant breast cells as opposed
to a proliferation response, we analyzed the 2D PAGE profile of
PCNA'isolated from benign proliferative breast tumors and estrogen-
stimulated MCF7 cells. Estrogen has a stimulatory effect on cellular
proliferation (25). We found that the estrogen-stimulated cells had
an increased rate of proliferation compared to control cells, as
demonstrated by several parameters (Table 1). Similar findings
have been reported by other investigators (25-27). The DNA
synthesome was isolated from these cells, and the components
were resolved by 2D PAGE followed by Western analyses for
PCNA. There was an overall increase in the level of PCNA in
estrogen-stimulated cells; however, there was no effect on the 2D
PAGE profile for PCNA (Fig. 3, A and B).
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Table | Stimulation of cell proliferation following treatmens with 17-B-estradiol

17-B-Estradiol
(E;)-treated cells®

10,564 cpm/10° cells

Control cells®
1,548 cpm/10° cells

Parameter

[*H] Thymidine uptake®
DNA polymerase a activity? 496 * 80 cpm/mg 1,359 = 118 cpm/mg
Cells in S phase® 10.7% 60.1%

“ Control cells are MCF7 cells that were grown in phenol red-free DMEM, which
was supplemented with 10% dextran-coated, charcoal-treated fetal bovine serum, 1%
peanicillin/streptomycin, and nonessential amino acids.

17-B-estradiol (E,)-treated cells were grown for 48 h under essentially the same
conditions as the control cells along with the addition of | mM 17-B-estradiol to the
medium.

¢ {*H}-Thymidine uptake, according to the procedure described by Malkas et al, (11).

9DNA polymerase @ activity was measured as described by Malkas et al. (11).

“ Cell cycte distribution analyses of the cultured cells grown in the presence or absence
of 17-B-estradiol were performed as described by Lin et al. (34).

The DNA synthesome was also isolated from several benign breast
tumors. In general, the 2D PAGE profile for PCNA from the benign
tumors was identical to that of nonmalignant cells in culture and in
nonmalignant breast tissue (Fig. 3C). These data provide compelling
evidence that the acidic form of PCNA is characteristic of only
malignant breast cells.

Genetic Mutation Is Not.Responsible for the Acidic Form of
PCNA in Malignant Breast Cells. Total cellular RNA isolated from
MCF7 and MCFI10A cells was used to clone the cDNA encoding the
entire PCNA translation unit from each cell line. Four independent
clones encoding the PCNA gene derived from MCF?7 cells and four
independent clones from MCF10A cells were sequenced. Sequence
analysis indicated that these eight independent clones have an
identical nucleotide sequence (Fig. 4). Furthermore, this nucleotide
sequence does not differ from that of the sequence for the PCNA
gene cloned from the human lymphoma cell line MOLT-4 (Ref. 28;
Fi. 4).

Discussion

Here, it was demonstrated that a unique form of PCNA with an
acidic plI is present in malignant breast cells. This unique form is

A
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Fig. 3. Protein migration of PCNA from estro-

found in malignant breast cell cultures, as well as malignant breast
tumors, but not in nonmalignant breast cell cultures, nonmalignant
tissue, or a sampling of benign breast tumors. It was shown that the
cancer-specific form of PCNA was not due to a proliferation response
or genetic mutation. This novel form of PCNA is most likely a result
of an altered posttranslational modification in the malignant breast
cells.

One of the hallmarks of breast cancer is the accumulation of genetic
mutations that lead to genomic instability (29). These mutations may
contribute to uncontrolled cellular proliferation, resistance to antipro-
liferative processes, and metastasis (4, 7, 30). The accumulation of
mutations in breast cancers is high, considering that normally muta-
tions occur infrequently. This has lead to the hypothesis of a “mutator
phenotype” (31). It was proposed that a cell’s progression to malig-
nancy is accompanied by the accumulation of multiple genetic muta-
tions created by error-prone DNA replication and a reduction in the
efficiency of the DNA repair processes in the cell. Sekowski et al.
(10) have recently found that the DNA replication apparatus from
malignant breast cells is mutagenic, resulting in a decreased replica-
tion fidelity. Due to the essential role PCNA plays in both DNA
replication and DNA repair, the unique form of PCNA in malignant
cells is a likely contributor to the accumulation of genetic mutations
and genomic instability.

An implication of the described findings is that posttranslational
modification of PCNA is most likely responsible for the development
of the acidic form of the protein found in the cancer cells. Bravo and
Celis (32) demonstrated that PCNA from HeLa cell extracts was not
posttranslationally modified by phosphorylation and that acetylation,
glycosylation and sialylation are not likely contributors to the migra-
tion pattern of PCNA. Simbulan ez al. (33) have recently shown that
PCNA is modified by poly(ADP) ribosylation. Further studies to
determine how the posttranslational modification of PCNA affects its
ability to interact with proteins involved in DNA replication and DNA
repair are underway and should provide crucial insights into the role

B
200

MW

gen-treated MCF7 cells, control MCF7 cells, and a
benign breast tumor. Thirty to 60 ug of DNA syn-
thesome isolated from MCF7 cells treated with 17-
B-estradiol, MCF7 (A), control cells (B), and a be-
nign breast tumor (C), were analyzed by 2D PAGE
and Western blot analysis. Arrow, form of PCNA

X
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that is unique to malignant breast cells.
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A) GCGTTGTTGCCAL TCCGCCACCATGTTCGAGGCGCGCC TEETCCAGGGCTCCATCC TCAAGAAGGTG
B) ATGTTCGAGGCGCGCCTGGTCCAGGGC TCCATCCTCAAGAAGGTG
) ATGTTCGAGGCGCGCC TG TCCAGGGC TCCATCCTCAAGAAGGTG

TTGGAGGCACTCAAGGACCTCATCAACGAGGCCTGC TGGGATATTAGC TCCAGCGGTGTAAACCTGCAG
TTGGAGGCAC TCAAGGACC TCATCAACGAGGCC TGC TGGGATAT TAGC TCCAGCGG TGTAAACC TGCAG

TTGGAGGCAC TCAAGGACCTCATCAACGAGGCC TGCTGGGATATTAGC TCCAGCGG TGTAAACC TGCAG

AGCATGGACTCGTCCCACGTCTCTTTGGTCCAGC TCACCC TCCGGTCTRGAGGGC T TCGACACC TACCGC
AGCATGGAC TCGTCCCACGTCTCTTTGG TGCAGC TCACCC TGCEGTC TGAGGGC TTCGACALC TACCGC

AGCATGGACTCGTCCCACGTCTCTTICG TGCAGC TCACCC TGCGGTC TGAGGGC T TCGACACC TACCGE

TGCGACCGCAACCTGGCCATGGGCG TGAACCTCACCAGTATGTCCAAAATAC TAAAATGCGCCGGCAAT
TGCGACCGCAACCTGGCCATGGGCGTGAACCTCACCAGTATGTCCAAAATACTAAAA TGCGCCGGTAAT

TGCGACCGCAACCTGGCCATGGGCGTGARACC TCACCAGTATGTCCAAAATAC TAAAATGCGCCGGCAAT

GAAGATATCATTACACTAAGGGCCGAAGATAACGCGGATACCTTGGCGC TAGTAT T TGAAGCACCAAAC
GAAGATATCATTACACTAAGGGCCGAAGATAACGCGGATACC TTGGCGC TAGTATT TGAAGCACCAAAC

GAAGATATCATTACAC TAAGGGCCGAAGATAACGCGGATACCTTGGCGCTAGTATT TGAAGCACCAAAC

CAGGAGAMGTTTCAGACTATGAAATGAAGTTGATGGAT TTAGATG TTGAACAAC TTGGAATTCCAGAA
CAGGAGAAAGTTTCAGAC TATGAAATGAAGT TGATGGATTTAGATGT TGAACAAC TTGGAATTCCAGAA

CAGGAGAAAGTTTCAGACTATGAM TGAAGT TGATGGATTTAGATGTTGAACAACTTGGAATTCCAGAA

CAGGAGTACAGCTGTGTAGTAAAGATGCCTTCTGGTGAATTTGCACGTATATGCCGAGATCTCAGCCAT
CAGGAGTACAGCTGTGTAGTAMGATGCCTTC TGGTGAATTTGCACGTATATGCCGAGATC TCAGCCAT

Wmmmmmcmmmﬂmnnmrcmr

ATTGGAGATGCTGTIGTAATTTCC TG TGCAAAAGACGGAGTGAAATTTTC TGCAAG TGGAGAAC TTGGA
ATTGGAGATGCTGT TG TAAT TTCCTGTGCAAAAGACGGAG TGAAATTTTCTGCAAGTGGAGAMC TTGGA

ATTGGAGATGCTGTIGTAATTTCC TG TGCAAAAGACGGAGTGAAAT T TTC TGCAAGTGGAGAACTTGGA

AATGGAAACATTAAATTGTCACAGACAAG TAATG TCGATAAAGAGGAGGAAGC TGTTACCATAGAGATG
AATGGAACATTAAATTGTCACAGACAAGTAATGTCGATAAAGAGGAGGAAGC TGTTACCATAGAGATG

AATGGAAACATTAMTTGTCACAGACAAGTAATGTCGATAMGAGGAGGAAGC TGTTACCATAGAGATG

AATGAACCAGTTCAAC TAACTTTTGCAC TGAGGTACC TGAAC T TCTT TACAAAAGCCAC TCCACTCTCT
AATGAACCAGTTCAACTAACTTTTGCAC TGAGGTACC TGAAC TTCTTTACAAAAGCCAC TCCACTCTCT

AATGAACCAGT TCAACTAAC TTTTGCACTGAGGTACC TGAAC TTC TTTACAAMAGCCACTCCACTCTCT

TCAACGG TGACAC TCAGTATGTCTGCAGATGTACCCCTTGT TG TAGAGTATAAAAT TGCGGATATGGGA
TCAACGGTGACACTCAGTATGTC TGCAGATGTACCCCTTGTTGTAGAGTATAMAATTGCGGATATGGGA

TCAACGGTGACACTCAGTATGTC TGCAGATGTACCCC TTGT TGTAGAG TATAAAATTGCGGATATGGGA

CACTTAAMATACTACTTGGC TCCCAAGATCGAGGATGAAGAAGGATC TTAGGCATTCTTAAAATTCAAG
CACTTAAAATACTACTTGGC TCCCAAGATCGAGGATGAAGAAGGATC TTAGGCATTCTTAAAATTCAAG

CACTTAAAATAC TACTTGGC TCCCAAGATCGAGGATGAAGAAGGATC TTAGGCATTCTTAAAATT

Fig. 4. Nucleotide sequence of the PCNA cDNA cloned from MCF7 and MCF10A
cells. The nucleotide sequence of the PCNA cDNA cloned from the two breast cell lines
is aligned with the sequence reported for an acute lymphoblastic leukemia cell. The PCNA
nucleotide sequences shown are those of MOLT-4 (A), MCF7 (B), and MCF10A (C).
Underlined sequences, positions of the ATG start codon and the internal EcoR1 restriction
endonuclease cleavage site. The cDNA was cloned from total cellular RNA isolated from
exponentially growing MCF7 and MCF10A cells using reverse transcriptase PCR and the
PCR2.1 vector. Ampicillin-resistant colonies containing the cDNA were chosen using the

of PCNA in the maintenance of genomic stability and control of
cellular proliferation. -

Another implication of this work is that the malignant cell-
specific form of PCNA may be a more fundamental characteristic
of cancer cells than any single type of genetic mutation. This
supposition is based on the observation that the cancer-specific
form of PCNA was found in 100% of malignant breast cells-
examined to date. This correlation is higher than that observed for
other molecular markers for malignancy currently examined for in
breast tumors (i.e., p53, BRCA, her2/neu, and progesterone and
estrogen receptor status), which are only found in a fraction of all
breast tumors.

The findings described here are novel in that this is the first time it
has become possible to link the decreased fidelity of cellular DNA
replication with a specific alteration to a component of the DNA
synthetic apparatus of breast cancer ceils. PCNA is currently used as
a marker for cellular proliferation. The novel form of PCNA that we
have identified may prove to be a new signature for malignant breast
cells. Our findings provide the first evidence that the unique form of
PCNA in breast cancer cells could potentially serve as a powerful
marker for the detection of malignancy.
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An affinity adsorbent for ADP-ribosyltransferase (EC 2.4.2.30) has been synthesized by coupling
3-aminobenzamide to Sepharose 4B. Using this material, ADP-ribosyltransferase from human
placenta has been purified from crude extract to homogeneity within a few hours. The enzyme
has an apparent K,, for NAD* of 52 uM. Its molecular mass is 115,000 as determined by gel
electrophoresis. The enzyme is DNA dependent and stimulated by histone, its temperature op-
timum is at 25°C, and its pH optimum is around pH 9. a-NAD?*, thymidine, caffeine, theophylline,
theobromine, 3-methoxybenzamide, and nicotinamide inhibit the enzyme. Purification of ADP-
ribosyltransferases from horse, rat, and chicken liver was also achieved with the method described.
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ADP-ribosyltransferases (EC 2.4.2.30) are
enzymes that modify proteins covalently by
anaching one or many ADP-ribosyl residues
using NAD*. ADP-ribosylation seems to be
involved in a number of biological processes,
for instance, regulation of gene expression, dif-
ferentiation, and DNA repair (1-9).

NAD™* analogs are among the most potent
inhibitors of ADP-ribosylation (10) and im-
mobilization of one of these analogs should
result in a material for affinity chromatogra-
phy. This should lead to a highly specific pu-
nficatior method for ADP-ribosyltransferases,
avoiding time-consuming steps such as gel fil-
tration.

Here we describe the preparation of O-[15-
{3-(aminocarbonyl)phenyl]- { -imino-11,14-
dioxo-2,6,10,15-tetraazapentadecyl}-Sephar-
ose (3-aminobenzamide-Sepharose)® and its

' This work was supported by the Deutsche For-
swhungsgemeinschaft (Schw 98/4-1).

* To whom requests for reprints should be addressed.

' Abbreviations used: AP-Sepharose, O-[[3-[(3-amino-
propyllamino]propyijguanyl}-Sepharose; 3-aminobenza-
mide-Sepharose, O-15-{3-(aminocarbony!)phenyl}-1-im-
no-11.14-dioxo-2,6, 10, 1 5-tetraazapentadecyi]-Sepharose;
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use in the purification of ADP-ribosyltrans-
ferase from human placenta.

MATERIALS AND METHODS

Phosphocellulose P11 was obtained from
Whatman and Sepharose 4B from Pharmacia.
Glass fiber filters were from Schleicher and
Schiill. Nicotinamide adenine dinucleotide
([2,8-*H]adenine) was obtained from New
England Nuclear. Unlabeled NAD", calf thy-
mus DNA, histone (type V-S from calf thy-
mus), a-NAD*, thymidine, caffeine, theoph-
ylline, theobromine, I-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide, nicotinamide,
and gel markers (Escherichia coli 8-galacto-
sidase, phosphorylase b from rabbit muscle,
bovine serum albumin, and ovalbumin) were
obtained from Sigma Chemical Company; 3-
methoxybenzamide was from Aldrich Chem-
ical Company Inc.; and other chemicals used

ADPRT buffer, Tris- HCI (100 mM), K,S,0s (25 mMm), 8-
mercaptoethanol (12 mMm), EDTA (0.5 mM), and 17%
glycerol at pH 7.2; CH-Sepharose, O<6-carboxy-
hexyl)guanyl-Sepharose; SDS, sodium dodecyl sulfate;
DTT, dithiothreitol.

0003-2697/86 $3.00
Copyright © 1986 by Academic Press, Inc.
All rights of reproduction in any form reserved.
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were of analytical grade. Hydroxyapatite was
synthesized according to the method of Ber-
nardi (11).

3-Aminobenzamide-Sepharose. 3-Amino-
benzamide was synthesized by standard or-
ganic chemistry: 3-nitrobenzoic acid was re-
fluxed in thionyl chloride and the resulting
acid chloride was converted to 3-nitrobenza-
mide by ammonolysis. 3-Nitrobenzamide was
reduced with hydrazine/Raney nickel to 3-
aminobenzamide. Intermediates were identi-
fied by melting point and thin-layer chroma-
tography. (Alternatively, commercially avail-
able 3-aminobenzamide may be used.)

Equimolar amounts of succinic acid an-
hydride and 3-aminobenzamide were heated
in anhydrous pyridine for 2 h in a boiling-
water bath, pyridine was removed by evapo-
ration, and the resulting 4-[[3-(aminocar-
bonyl)phenyl]Jamino]-4-oxobutanoic acid was
crystattized trom ethanol. / ’

O-[[3-13- Aminoprop’yl)amino]propyl] -
guanyl]-Sepharose (AP-Sepharose) was pre-
pared from cyanogen bromide-activated Se-
pharose and 3,3-iminodipropaneamine ac-
cording to Cuatrecasas (12) and contained
about 5 umol of spacer arms per gram of Se-
pharose, as measured with the fluorescamine
method (1 3) in the corresponding hydrochloric
acid hydrolysate.

4-[[3 - (Aminocarbonyl)phenyl}Jamino] -4 -
oxobutanoic acid (0.5 g) was dissolved in 20
ml dimethylformamide and added to 20 g (wet
wt) of AP-Sepharose. The coupling reaction

was performed by the addition of 0.5 g |-ethyl- -

3-(3-dimethylaminopropyl)carbodiimide in 3
ml distilled water. After shaking in a rotatory
water bath at room temperature for 12 h the
material was washed first with 3 vol of di-
methylformamide/water (1:1) and then ex-
tensively with water alone. The amount of 3-
aminobenzamide bound was estimated by
measuring the increase in uv-absorption at 250
nm in a 10% suspension of Sepharose in 20%
glycerol.

Polyacrylamide gel electrophoresis. For
electrophoresis 10% polyacrylamide gels were
used according to the method of Davis (14)

- Il activated by the procedure of Loeb (17).,
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modified by Laemmli (15). Gels werd il
for 30 min in 300 ml of a 50% trich]
acid solution containing 1 mg/ml
brilliant blue R. Destaining was don
acetic acid containing 1% glycerol.
Protein determination was perforpl
cording to the method of Bradford (1 6y
bovine serum albumin as standard. i
Placentas. Human placentas from nis
full-term pregnancies were obtained
Universitdts-Frauenklinik Innsbruck
diately after delivery, cut in pieces, wag
0.15 M KCl solution to remove most
blood, pressed into thin slices (about 3§}
thick), and stored at —80°C until used,
ADP-ribosyltransferase assay. The
was carried out in glass tubes (37 X 7 g
25°C for 5 min in a total volume of
Amounts of 10 ul of enzyme solutio
added to 90 ul of 100 mM Tris- HC] (p
| mM DTT, 2 ug DNA, 1 ul [*H]N/
Ci/mmol; 0.0028 mg/ml), 10 uM NAD
2 ug histone. DNA used was calf thym

reaction was stopped by adding 100 ul of
trichloroacetic acid. Aliquots of 160 ul §
each tube were pipetted onto a glass fiber {
(2.5-cm diameter), which was then wa
with 5% trichloroacetic acid followed:
1:1 solution of ethanol/ether and dri
100°C. Acid-precipitable radioactivity
measured in a liquid scintillation counter,

Extraction. All procedures, unless othe;
stated, were carried out between 0 and
Two human placentas (approximately 8
were used for the preparation. Four lite
ADPRT buffer (100 mm Tris - HCI; 17%
erol; 25 mM K,S;0s5; 12 mM S-mercaptoe!
anol; 0.5 mM EDTA,; buffer pH was adjust
to 7.2 at room temperature) containing 50 m
KH;PO, and 0.5 M KCl was added to the f;
zen tissue and left for 30 min at room
perature (buffer temperature does not
above 0°C during this time). The tissue
homogenized in a Waring Blendor (5 liter)
four periods of 45 s. The homogenate Wi
centrifuged at 14,000g for 15 min.

Hydroxyapatite chromatography. -
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«ract was filtered through a double layer of
‘,heesecloth and then shaken with 200 g of
:olid hydroxyapatitc (equilibrated in ADPRT
puffer containing 50 mM KH,PO,) for 30 min.
Subsequently the suspension was centrifuged
51 1600g for 5 min. The supernatant was dis-
arded and the hydroxyapatite was resus-
pended in 2 liters of ADPRT buffer containing
0 mM KH2PO4. This suspension was centri-
t:used again at 1600g for 5 min. The super-
patant was discarded and the hydroxyapatite
was suspended in 500 ml of ADPRT buffer
containing 0.5 M KH;PO,. The suspension
w«as shaken for 15 min and then centrifuged
a5 before.

Phosphocellulose chromatography. Dry
phosphocellulose (20 g) equilibrated in
ADPRT buffer was used. Phosphocellulose
w«as added to the eluate of hydroxyapatite, the
suspension was agitated for 60 min and then
centrifuged (1600g, 5 min), and the superna-
1ant was discarded. The phosphocellulose pel-
jets were washed out of the tubes with 250 ml
of ADPRT buffer and poured into a 5-cm-
diameter column. Then a linear gradient in
ADPRT buffer from 0 to 2 M KCl was applied.

Affinity chromatography. 3-Aminobenz-
amide-Sepharose (in a column of 2.5 X 8 cm)
was equilibrated in ADPRT buffer containing
0.3 M KCl. After the sample had been applied,
the column was washed with ADPRT buffer
containing 0.3 M KCl. The enzyme was eluted
with ADPRT buffer containing 0.3 M KCl and
| mM 3-methoxybenzamide.

RESULTS

Preparation of 3-Aminobenzamide-
Sepharose

3-Aminobenzamide was coupled to Se-
pharose 4B as described (see Materials and
Methods). The resulting 3-aminobenzamide-
Scpharose contained 4.7 umol of 3-amino-
benzamide per gram of swollen gel. Compared
1o the content of spacer groups (5 umol per
gram of Sepharose) coupling was almost
quantitative. Other coupling methods (e.g.,
carbodiimide coupling of 3-aminobenzamide
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to O-[(6-carboxyhexyl)guanyl}-Sepharose
(CH-Sepharose) or succinylation of AP-Se-
pharose with subsequent carbodiimide cou-
pling to-3-amimnobenzamide) led 1o adsorbents
ribosyltransferase. 3-Aminobenzamide-Se-
pharose is stable for at least 2 years at 4°C and
can be reused many times after regeneration
with 2 M KC! in ADPRT buffer with no loss
of binding capacity.

Purification of Human ADP-
ribosyltransferase

A crude extract of human placenta was pre-
pared and then mixed with hydroxyapatite for
30 min. After the hydroxyapatite was washed,
enzyme was eluted in one step with 0.5 M
KH,PO, in ADPRT buffer. The enzyme so-
lution was diluted 10-fold with ADPRT buffer.
and then phosphocellulose was added. After
60 min of gentle shaking, the phosphocellulose
was packed into a column (5-cm diameter). A
linear gradient from 0 to 2 M KCl in ADPRT
buffer was applied (Fig. 1). The active fractions
(eluting at 0.3 M KCl) were pooled and applied

directly onto the 3-aminobenzamide-Sephar-

w
1

F1.0

~N
1
KCt (M}

enzyme octivity {cpm » 10°4 | gumn
A

e
_/

T T T

20 W 60
a——fractions —mw

FiG. 1. Elution profile of human ADP-ribosyltransferase
from phosphocellulose. Chromatography was performed
as described under Materials and Methods. (a) Enzyme
activity, (@) concentration of KCl.
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TABLE |

PURIFICATION OF HUMAN ADP-RIBOSYLTRANSFERASE FROM PLACENTA

BURTSCHER ET AL.

Total protein Specific activity Purification
Step (mg) {(nmol min~' mg™") factor
Crude extract 20,000.0 0.07 i
Hydroxyapatite 325.0 1.65 24
Phosphocellulose 60.0 4.16 6!
3-Aminobenzamide-Sepharose 0.3 335.00 4900

ose column. This column was washed with
ADPRT buffer containing 0.3 M KCl and the
enzyme was eluted with the same buffer
(ADPRT + 0.3 M KCJ) containing | mM 3-
methoxybenzamide, an inhibitor of ADP-ri-
bosyltransferases (10). 3-Methoxybenzamide
was removed from the enzyme solution by use
of a small hydroxyapatite column (0.7 X 0.5
cm). Data of a representative purification are
shown in Table 1.

Characterization of the Enzyme

The purified enzyme migrates as a single
band in sodium dodecyl sulfate (SDS)-poly-
acrylamide gel electrophoresis (Fig. 2) corre-
sponding to a molecular mass of approxi-
mately 115,000. The enzyme remains stable
at 0°C for several days and at —80°C for sev-
eral months, but it is very sensitive to repeated
freezing and thawing. The purified enzyme is
DNA dependent. Histone stimulates the ac-
tivity by a factor of about 7 (data not shown).
Maximum stimulation by histone is at a DNA/
histone ratio (w/w) of 1. The enzyme has a
temperature optimum at 25°C. The optimal
pH for the enzyme reaction is about 9. The
time course of the enzyme reaction is linear
only during the first minutes. After 10 min the
activity begins to level off and after 30 min
there is no further increase in acid-precipitable
radioactivity. An apparent K, for NAD* of
52 uM was determined out of a double recip-
rocal plot.

Several NAD* competitors were tested for
inhibition of the enzyme (Table 2). ADP-ri-
bosyltransferase from human placenta is sen-

sitive to a-NAD", nicotinamide, and ¢
dine. Methylxanthines inhibit the
caffeine being markedly less inhibito
theophylline and theobromine. 3-M
benzamide inhibits the enzyme stron
ble 2).

Application of the Purification Scheme-
Other Tissues )

Using the method described we p
ADP-ribosyltransferases from horse, raf
chicken liver. A crude extract was pre

1.2 3 ¢
® -16.000
—93.000
—66.000
—45.000

L 4
-4 L
- o
FIG. 2. 10% SDS-polyacrylamide gel showing th 3
of the purification. Molecular weight markers were
lactosidase (£. coli), 116,000; phosphorylase b
muscle), 94,000. bovine serum albumin, 66,000
ovalbumin, 45,000. The gel was run at 45 V for 14 §
then stained with Coomassie brilliant blue (see Ma e
and Methods). Lane 1, crude extract; lane 2, hydrox§#

atite pool; lane 3, phosphocellulose pool; lane 4,
nobenzamide-Sepharose pool.
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TABLE 2
[<HIBITORS OF HUMAN ADP-RIBOSYLTRANSFERASE
.
Conen Percentage
Inhibitor (mM) of control
. ol — 100
ey mudine | 12
. JSanc 1 1
‘-\-uph}lline 1 0
fm-hromine 1 10
\ \mho‘ybenzamide 0.1 7
X \mhuxybenzamidc | 0
! 8

“_‘,“namidc

« - Reaction conditions were according to the stan-
4ird 8V and inhibitors were added in 10 ul of a 10-
& voncentrated solution.

nomogenizing the tissues in ADPRT buffer
nd the enzymes were isolated via hydroxy-
spatite, phosphocellulose, and 3-aminobenz-
amide-Sepharose. Elution profiles from phos-
phoceltulose were identical. In all cases after
Lffinity chromatography a protein with a mo-
ecular mass of 115,000 was found.

DISCUSSION

ADP-ribosyltransferases have been isolated
v a variety of methods, but most of them
were rather time consuming. This prompted
us to look for a more effective purification
method based on affinity chromatography. 3-
aminobenzamide is one of the strongest in-
hibitors of ADP-ribosyltransferases. Since ac-
vlation of the amino group does not affect the
inhibitory potential (10), we used this group
for immobilization of 3-aminobenzamide.
Using 3-aminobenzamide-Sepharose we have
purified an ADP-ribosyltransferase from hu-
man placenta. Both the hydroxyapatite and
the phosphocellulose step are necessary for this
purification method. Applying the crude ex-
tract directly onto 3-aminobenzamide-Se-
pharose did not yield a homogeneous enzyme
tdata not shown). Elution of the enzyme from
the affinity material with 3-methoxybenz-
amide proved to be superior to gradient elution
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with KCl, which led to loss of activity and less
purity.

The method described here allows rapid
purification of the enzyme from crude extract
to homogeneity (within hours) and yields up
to 500 ug of enzyme per kilogram of placenta.
The enzyme purified by this procedure is
identical to an enzyme purified by conven-
tional methods alone (18,19) in terms of K,
molecular mass, inhibitors, and pH and tem-
perature dependence.

The enzyme is rather unstable during the
purification procedure and considerable loss
of activity occurs at all stages of the purifica-
tion, but it is stable during the last step. We
repeatedly observed that at least part of the
inactivation is accompanied by disappearance
of the 115,000 band in the gel, starting from
an apparently homogeneous preparation (data
not shown). Whether this effect is due to the
enzyme itself or to traces of a K,S,0s-resistant
protease remains to be resolved. Proteolytic
degradation, for instance, was seen with calf
thymus ADP-ribosyltransferase (20).

A decisive advantage of this purification
procedure is that it is rapid and allows easy
purification of the enzyme from different tis-
sues, which opens the way to the elucidation
of the enzyme’s many roles. We have so far
successfully applied this method to horse, rat,
and chicken liver without any modifications.
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6 ml without decanting 10 puL

Total Volume Added to

Sample + Filtrate Tubes

RETENTA™T TUBE
AXIAL ST ITION

APOLLO 7mlL CCNCENTRATCR ASSEMBLY
(VERTICAL MEMERANE SEAM CUT AWAY)

BEFORE WILDING  yoLumMmE

RETENTATE

Swing Head 35° Deadstop
NA <=57mL 3ul
<=6.2mL 6.1 mL 10 pt
6.45 mL 6.25 mL 20 L
6.85 mL 6.6 mL 50 uL
7.2mL 69mL 100 pL
7.6mL 7.35mL 200 uL
8.25mL 8.05 mL 500 puL
9.0mL 8.76 mL 1000 pL

Maximum Centrifugal Force

With 35° angle rotor: 8,500 rcf (200 psi with 5 ml)
With swing-head rotor: 4,500 rcf typical rotor maximum,
not to exceed 8,500 rcf

Materials

Membrane: Regenerated cellulose skin on polyethylene microporous support

Sample reservoir, vial and cap: Polypropylene copolymer

Dimensions
Active membrane area: 5.2 cm?
Collection tube: Diameter, OD: 16.8 mm, 0.66 in (typical)

Length incl. cap): 123.4 mm, 4.86 in (typical)
Filter: Length (filter tip to top flange): 73.4 mm, 2.89 in (typical)
Diameter: 14.3 mm, 0.56 in (typical)

Environmental Resistance

Temperature: 34.7 °C, 120° F, max. Do not autoclave
Limit of pH: 1 to 14
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Chemical Compatibility
Common chemicals (¥ = acceptable; X = not recommended)
Acids and Bases

Acetic acid (10%) v Hydrochioric acid (1.0N) v Sodium hydroxide (0.1N) ¥

Ammonium hydroxide (10%) v Lactic acid (50%) ) Sodium hydroxide (2.5N) X

Formic acid (70%) v Perchloric acid (5%) Y Trichloroacetic acid (10%) v
Phosphoric acid (30%) N

Organic Solvents, Miscellaneous Chemicals

Acetone X  Dithiothreitol (0.1 M) v Propanol (70%) v
Acetonitrile (40% in 1% TFA) v Ethanol (70%) ) Pyridine )
Acetonitrile v Ethyl acetate v PyroCLEAN™ )
Alconox™ (1%) v Formaldehyde (5%) v Sodium carbonate (20%)
Ammonium sulfate (50%) v Formamide v Sodium chloride (2M) v
Benzene X  Glycerin ) Sodium deoxycholate (5%) v
n-Butanol v Guanidine HCI (6M) vV Sodium dodecyl sulfate v
(0.1M)

CAPS (250 mM, pH 11.0) v Guanidine thiocyanate v Sodium thiocyanate (3M) ¥
Carbon Tetrachloride X Imidazole (1M) v Terg-A-Zymne™ (1%) )
CHAPS (100 mM) v Lubrol PX (0.1%)- v Tetrahydrofuran ' X
Chioroform X Mercaptoethanol (0.1M) v Toluene X
Diethyl pyrocarbonate (0.2%) <V  Methanol : Vv Tris buffer (1M, pH 8.2) v
Dimethyl formamide v Nonidet P-40® (2%) Vv Triton X-100™ (0.002M) v
Dimethyl sulfoxide v Phenol (1%) v Tween-20™ )
Dioxane v Phosphate buffer v Urea (8M) v

(1M, pH 8.2)

Polyethylene glycol )

(PEG400,10%)

Some of the recommended chemicals listed above may affect membrane performance, thereby altering the recoveries, passage, and /or spin times.
Alconox is a registered trademark of Fabric Chemicals, Co. Nonidet P-40 is a registered trademark of Shell Oil Co. Terg-A-Zyme is a registered
trademark of Rohm and Haas Co. Tween is a registered trademark of Atlas Powder Co.

HOW TO USE THIS PRODUCT

Preparaﬁons

Make sure it will fit in your centrifuge
Prepare a 15 to 17 ml carrier accepting a 124 mm length tube in centrifuge, either fixed angle or swing head rotors can

be used. Check clearance of tube to both swing mechanism and rotor cover or centrifuge lid.

Make sure you have chosen the right device for your application
Select a device with a retention rating equal to or smaller than the MW of the macromolecule to be concentrated (see

Table I). The membrane Quantitative Molecular Weight Limit (QMWL) rating is engraved near the top lip. Insert the
device into the filtrate collection tube.

If glycerin removal is required
Add 5 ml clean water or buffer. Place device assembly into the rotor and counterbalance with a similar device or

tube of the same weight. Spin at 8500 or maximal permitted rotor rcfto produce 2-3 ml filtrate. Shake water out
of device and collection tube, and then replace the device in the tube.

Operation

1. Add sample and cap tube snugly.
There is no need to leave cap loose. An internal vent hole near the lip permits air from the collection tube to pass into

the filter to maintain maximal flow without release of aerosols. :

2. Place assembly into rotor. :
Counterbalance with a similar device or tube of the same weight and spin. Note specified centrifugal force limits and

observe max. relative centrifugal force rating for the rotor.
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3. Spin for the required time (see Table i)
Spin at the suggested speed to achieve the desired concentration factor. To exchange microsolute by diafiltration,
decant filtrate, and refill with buffer, mixing retentate by repeated aspiration with the pipette tip held near the top of
the cone to avoid scraping the membrane. Concentrate and dilute until desired solute removal is achieved. If your
application will allow a concentration factor of greater than 500x, 100% salt or solute removal is possible in a single
spin. _

4. Harvest retentate
Use a pipette tip small enough to reach the bottom of the device. Remove Apollo from the collection tube and hold it
up to a light. The meniscus may be seen in the conical section through the viewing port formed between the vertical
membrane edges. The tip of the recovery pipette is easily seen when it touches the bottom of the device retentate
chamber.

Precautions ,

» Avoid scraping membrane skin with pipette tip when adding or decanting. Exceeding the maximum
centrifugal force limits specified above may cause retentate leakage. With linear nucleic acids, maximal
selectivity is obtained at filtration velocities <Imm/min. In Apollo 7 ml, this corresponds to filtration rates <0.5
ml/min. For most selective retention of nucleic acids and removal of primers and oligonucleotide when
concentrating and diafiltering DNA and RNA, reduced rcf should be used.

e For best recovery, remove retentate in <10 min. Upon standing, wicking can cause it to spread upward and
continue to filter, further reducing retentate volume. For retentate volumes <10 pl, mass recovery is improved by
adjusting volume with buffer to about 10 pi before recovery, and/or by subsequently adding 20-100 pl of buffer to
the device, mixing into and out of the tip several times and recovering the wash as well.

e To clean devices, vortex or sonicate them with 2 — 3 ml of surfactant. Discard. Vortex then rinse several
times with water or buffer. Refrigerate, filled with several mi of buffer, water, or alcohol and tightly capped to
avoid drying of the membrane skin and permanent loss in flow rate.

TYPICAL PERFORMANCE
Table I: Membrane Retention Retention of diafiltered solute
QMWL (Quantitative Molecular Weight Limit)
>95% retention of globular proteins, Daltons | 5,000 {10,000(30,000/70,000| 150,000
Equivalent Nominal Molecular Weight Limit ( "Cutoff”) >90% Rating | 5,000 | 8,000 | 10,000 | 30,000 | 100,000
Challenge Solute Molecular Wt.
1.0 Ap70 d(pC)21 oligonucleotide 10k Da, linear na | 77% | 15% | 3% 2%
1.0 Ap70 d(pC)24.34 oligonucleotide 11-16k Da, linear | na. | 93% | 71% | 50% 14%
200bp DNA 130k Da, linear 99% | 99% | 98% n.a. n.a.
0.25 mg/ml bovine cytochrome-c 12k Da, globular | 99% | 99% | 10% | n.a. n.a.
1 mg/ml alpha-chymotrypsinogen 25k Da, globular | 99% | 99% | 94% 4% n.a.
1 mg/m! bovine carbonic anhydrase 29k Da, globular | 99% | 99% | 98% | n.a. n.a.
1 mg/ml ovalbumin 46k Da, globular | 99% | 99% | 98% | 17% n.a.
1 mg/ml bovine serum albumin 67k Da, globular | 99% | 99% | 99% | 98% 29%
1 mg/ml alcohol dehydrogenase, yeast 150k Da, globular | n.a. n.a. n.a. 97% n.a.
1 mg/ml apoferritin, horse serum 443k Da, globular | n.a. n.a. na. | >99% n.a.
0.5 mg/mL bovine thyroglobulin 669k Da, globular | n.a. n.a. n.a. na. | 97-99%

All protein dissolved in pH 7.4, 0.01M Phosphate buffered saline solution (PBS).
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« Table ll: Time to Concentrate
" Actual conditions will vary with details of initial solution temperature, concentration, and protein characteristics, but the
¥ table below can be used to provide an estimate of spin time (more detailed data is available at www.orbio.com ).

Device Solution Vol. Rotor RCF | Time | Conc.
(min) | factor

5k Da .25 mg/ml bovine cytochrome-¢, 0.01M TrisCl, pH 8 5ml 35°fixed | 8500 | 35 550x
5k Da .25 mg/ml bovine cytochrome-c, 0.01M PBS 6ml  Swing head | 4,500 35 180x
5k Da | Q.25 mg/mi bovine cytochrome-c, 0.01M PBS 6ml  Swing head | 4,500 | 52 250x
S5k Da | 0.01M PBS only 6ml  Swing head | 4,000 | 29 180x
10k Da | ©.25 mg/ml bovine cytochrome-c, 0.01M TrisCl, pH 8 5ml : 35°fixed | 8,500 | 25 450x
10k Da | 0.25 mg/ml bovine cytochrome-c, 0.01M PBS 6ml  Swing head | 4,500 | 20 220x
10k Da | &.01M PBS only 6 ml ; Swinghead | 4,500 | 29 550x
30k Da | ©.5 mg/ml bovine serum albumin, 0.01M PBS 6ml ! Swinghead | 4500 | 15 | 300x
30k Da | 0.01M PBS only 6ml Swinghead | 4500 | 15 550x
70k Da | 0.5 mg/mil bovine serum albumin, 0.01M PBS 6ml | Swing head | 4,500 16 600x
70k Da | 0.01M PBS only 6 ml | Swing head | 4,500 16 600x
150k Da | 0.5 mg/mL bovine thyroglobulin, 0.01M PBS 5mL | Swinghead | 2.000 | 20 500x

Ordering Information

Product Name QMWL* Identification Qty/Pk CLP Order No.
5k Apollo 7 ml 5k Da Sample pack 2ea 3491.1
5k Apolic 7 ml 5k Da Rack of filters in capped tubes 25 ea. 3491.2
5k Apollo 7 mi 5k Da 10 racks, bulk bags of filters, tubes, caps 250 ea. 3491.3.

10k Apollo 7 mi 10k Da Sample pack 2ea 3492.1

10k Apollo 7 ml 10k Da Rack of filters in capped tubes 25 ea. 3492.2

10k Apollc 7ml | 10k Da 10 racks, bulk bags of filters, tubes, caps 250 ea. 3492.3

30k Apollo 7 ml 30k Da Sample pack 2ea 3493.1

30k Apolio 7 ml 30k Da Rack of filters in capped tubes 25 ea. 3493.2

30k Apollo 7 ml 30k Da 10 racks, bulk bags of filters, tubes, caps 250 ea. 3493.3

70k Apollo 7 mi 70k Da Sample pack 2ea 3494.1

70k Apollo 7 ml 70k Da Rack of filters in capped tubes 25 ea. 3494.2

70k Apollo 7 ml 70k Da 10 racks, bulk bags of filters, tubes, caps 250 ea. 3494.3

150k Apollo 7 ml 150k Da | Sample pack 2ea 3495.1

150k Apolio 7 ml 150k Da Rack of filters in capped tubes 25 ea. 3495.2

150k Apollo 7 ml 150k Da 10 racks, bulk bags of filters, tubes, caps 250 ea. 3495.3

*Minimum protein molecular weight that has been found to be quantitatively (>95%) retained by the membrane when tested in an
Apollo device, as determined by filtrate optical density.

To Reorder, contact Continental Laboratory Products
CLP Customer Service, 5648 Copley Drive San Diego, CA 92111
Phone 1-800-456-7741, email mail@conlab.com, www.clpdirect.com

For Technical Assistance
Either call, fax, or e-mail Orbital at the numbers below for help. Or visit us on the Internet at our World Wide
Web site (www.orbio.com) for the most up-to-date technical information on the Apollo 7 family of products.

Orbital Biosciences, LLC

4 Winsor Lane « P.O. Box 304 - Topsfield, MA 01983 « USA
Tel. 978-887-5077- FAX 978-887-2906 « e-mail: orbio@shore.net .
Since Orbital Biosciences has no control over the actual use conditions of its products, it shall not bé liable for any consequential damages or economic

. loss or property damage incurred by Buyer. In connection with such use, Buyer's remedies under Orbital Bioscience's warranty shall be'limited to
replacement of the product or component, which failed to perform according to specifications herein stated.
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